ISSM

ISSM Workshop 2012 JPL

Ice Sheet System model
Mesh Generation

Chris BORSTAD', Bao DUONG>', Feras HABBAL?', Daria HALKIDES"?,
Michiel HELSEN?, Eric LAROUR', Mathieu MORLIGHEM?, Lan NGUYEN®",
Gilberto PEREZ*", Eric RIGNOT?', John SCHIERMEIER!,

Nicole SCHLEGEL', Héléne SERoUSSI'

1Jet Propulsion Laboratory - California Institute of Technology
2University of California, Irvine

3Joint Institute for Regional Earth System Science & Engineering, UCLA
4University of Southern California

5cal Poly Pomona

December 2012 ©Copyright 2012. All rights reserved




JPL / UC IRVINE

ISSM WORKSHOP

Mesh generation

Usage
Example

Usage
Example

Usage
Example

Uniform mesh

Non-uniform mesh

Mesh refinement
strategy

Hands-on example

JPL

Outline

© Introduction

® Squaremesh
Usage
Example

® Roundmesh
Usage
Example

@ Triangle
Usage
Example

® Bamg
Uniform mesh
Non-uniform mesh

® Mesh adaptation
Mesh refinement strategy
Hands-on example



ISSM WORKSHOP 2012 JPL / UC IRVINE

Mesh generation Mesh generatlon in ISSM

Introduction

Usage

Example
S + Mesh generation is crucial for ice sheet modeling
o — controls the space of solutions
Example
+ Finer mesh more precise but more computationally intensive
Uniform mesh
R * ISSM has 4 main meshers:
Meshireqinement @ squaremesh (for ISMIP tests)
strategy
BT ® roundmesh (for EISMINT tests)

® triangle (from J. Shewchuk)
@ bamg (adapted from F. Hecht)

JPL ISsM
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Mesh generation Usage

Squaremesh
Usage
Example
squaremesh generates structured uniform meshes for rectangular domain
Usage
Example — needed for ISMIP tests
Usage
Example

1 md=squaremesh (model, 100,200,15,25);

Uniform mesh

e Arguments:

Mesh refinement o model
ST @ xdength
® y-length

@ number of nodes along the x axis
® number of nodes along the y axis

JPL ISsM
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Meshgeneion - Example
SS},JTJT‘W ’ ‘ 1 md=squaremesh (model, 100,200, 15,25); ‘
arple
120
100
o 80
60
40
20
% 50 100 )
JPU ISSM

4/26



ISSM WORKSHOP JPL / UC IRVINE

Mesh generation Usage

Usage
Example
Roundmesh
. roundmess generates unstructured uniform meshes for circular domain
— needed for EISMINT tests
Usage
Uniform mesh 1  md=roundmesh (model, 100, 10);
Non-uniform mesh
Arguments:
Mesh refinement
strate
Handsg—yon example o mOdel
® radius

® element size

JPL ISsK
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Example

h generation

Mes|

roundmesh (model, 100,10) ;

1 md=

|

Roundmesh

Usage
Example

JPL
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Mesh generation Usage
triangle is a very fast algorithm for mesh generation

+ excellent for uniform mesh

Usage
ST - bad at mesh refinement

Usage

Example

Triangle 1 md=triangle (model, 'Square.exp',.2);
Usage

Sat Arguments:

Uniform mesh (1] model

Non-uniform mesh

® ARGUS file of the domain outline

Mesh refinement
strategy

Hands-on example ## Name:domainoutline
## Icon:0
# Points Count Value
5 1.
# X pos Y pos
00
10
11
01
00

JPL © average element size ISsM
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Mesh generation

Example
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T ‘ 1 md=triangle (model, 'Square.exp',.2);

Example

Usage
Example

Triangle
Usage

Example

Uniform mesh

Non-uniform mesh

Mesh refinement
strategy

Hands-on example

1 md=triangle (model, 'Square.exp',.05);
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Mesh generation HIStOFy

Usage Initial software:
Example . . . . .
- BAMG: Bidimensional Anisotropic Mesh Generator
o * developed by Frédéric Hecht (INRIA/université de Jussieux)
* released in 2006 after more than 10 years of development
Usage
Exampe - now part of FreeFEM++
Bamg
Uniform mesh
Non-uniform mesh
In ISSM:
Sy * entirely rewritten

Hands-on example

- usual ISSM interface

Advantages:
+ anisotropic mesh adaptation capability
- not good for uniform meshes

JPL iSsM
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ISSM WORKSH

Mesh generation Usage

Arguments:
§ © model
Example ® pair of options (see help)
Usage To create a uniform mesh:
Example , .
©® ’'domain’ followed by the domain name
e ® 'hmax’ followed by the triangle size
Bamg
Uniform mesh
Non-uniform mesh 1  md=bamg (model, "domain', 'Square.exp', 'hmax', .05);
Mesh refinement
strategy Z VAV \VAVAVAVAVAVAVANAN) AVAY
RO OISR
PPN
KPS
RO
v AVuvaVAVAYa
PAVZ AVAVAVAVAVAVA
JPL + Not as randomly distributed as triangle ISSM
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Mesh generation Usage

To create a non-uniform mesh:
. @ ' domain’ followed by the domain name

Example
® 'hvertices’ followed by the element size for each vertex of the

o domain outline

Usage

Example 1 hvertices=[0.2;0.2;0.005;0.2];

Bamg 2 md=bamg (model, 'domain', 'Square.exp', 'hVertices', hvertices);

Uniform mesh

Non-uniform mesh

Mesh refinement
strategy
Hands-on example 0.8
0.6
0.4
0.2
0
0 0.2 0.4 0.6 0.8 1

JPL ISsM
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Meshgeneraton — Einjte element method

Usage
Example

N
Usage V= Z v b, (X7 _y) (1)

Example
i=1

Usage
Example

Uniform mesh

Non-uniform mesh

(1Y)
Mesh adaptation

Mesh refinement
strategy

Hands-on example

JPL ISsK
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Meshgeneion — Interpolation error

Usage - We generally use piecewise linear elements (P1)

Example

— How to minimize interpolation error and the number of elements at the
Usage same time?

Example

Y

Usage
Example

Uniform mesh

Non-uniform mesh

Mesh adaptation

Mesh refinement
strategy

Hands-on example

JPL ISsM
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Mesh generation Costant f|e Id

Introduction

Squaremesh Constant field

Usage
Example

Roundmesh
Usage
Example

Triangle
Usage
Example

Bamg
Uniform mesh
Non-uniform mesh

Mesh adaptation

Mesh refinement
strategy

Hands-on example

JPL ISSM
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Mesh generation Costant fleld

Constant field
Usage 1
Example

Usage

Example

0.8

Usage

Example

0.6

Uniform mesh

Non-uniform mesh

Mesh adaptation

Mesh refinement
strategy 0.4
Hands-on example

0.2
0
0 0.2 0.4 0.6 0.8 1
- Coarse elements OK for constant field .
JPU ESSM
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Mesh generation Llnear fleld

Linear field

Usage
Example

Usage
Example

Usage
Example

Uniform mesh
Non-uniform mesh

Mesh adaptation
Mesh refinement
strategy
Hands-on example

ISS
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Mesh generation Llnear fleld

Linear field

Usage
Example

Usage
Example

Usage
Example

Uniform mesh

Non-uniform mesh

Mesh adaptation

Mesh refinement
strategy
Hands-on example

- Coarse elements OK for linear field

JPL iSsM
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Meshgeneraton — Non-Linear field

Usage

Example

Non linear field

Usage

Example

Usage

Example

Uniform mesh

Non-uniform mesh

Mesh adaptation

Mesh refinement
strategy
Hands-on example

JPL
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Meshgeneraton — Non-Linear field

Usage

Example

25 elements

Usage

Example

Usage

Example

Uniform mesh

Non-uniform mesh

Mesh adaptation

Mesh refinement
strategy
Hands-on example

JPL

16/26



ISSM WORKSHOP 2012 JPL / UC IRVINE

teshaenerzton - Non-Linear field

1,500 elements

Example
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1,000 elements

Example
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Mesh generation

Usage

Example

Usage

Example

Usage

Example

Uniform me:

Non-uniform mesh

Mesh adaptation

Mesh refinement
strategy
Hands-on example

JPL

Non-Linear field

40 elements

16/26



ISSM WORKSHOP JPL / UC IRVINE

Mesh generation An|sotrop|c meSh reﬂnement

Strategy:
Usage + Minimize the interpolation error for a given field
Example . i , ) i . )

+ Metric based on field's Hessian matrix (second derivative)

Usage
Example
Usage
Example

Uniform mesh

Non-uniform mesh

Mesh adaptation

Mesh refinement
strategy

Hands-on example

JPL ISsK
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Mesh generation An|Sotrop|C meSh reflnemeﬂt

Strategy:
Usage + Minimize the interpolation error for a given field
Example . i , ) i . )
+ Metric based on field's Hessian matrix (second derivative)
Usage
Example
Vobs [m/yr]

Usage 12000
Example

10000
Uniform mesh 8000 [

6000
4000
2000
0

Non-uniform mesh

A4
g

)
Mesh adaptation N
Mesh refinement
strategy

Hands-on example

JPL ISsM
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Meshoereion  Field to capture

Usage
Example r—0.75\2 >
f(x,y) =exp|— (7) +0.5r
€

b with =025 and r=(x+0.1)2+ (y+0.1)?
Example
Usage 1.2
Example

1
Uniform mesh
Non-uniform mesh
Mesh adaptation 0.8
Mesh refinement
strategy o6
Hands-on example X

0.4

0.2

JPL ISsM
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Mesh generation UnIfOI’m meSh

Usage
Example
1 md=bamg (model, 'domain', 'Square.exp', 'hmax',.05);
Uz 2 vel=shock (md.mesh.x,md.mesh.y) ;
Example 3 plotmodel (md, 'data’',vel, 'edgecolor’, 'w');
Usage
Example 1
12 12
09
Uniform mesh L Ae
) 0.8 WA
n-uniform me: 1 K 1
Non-uniform mesh 07‘;&%}&&&;
Mesh adaptation 4,:74“%‘&7&%
Mesh refinement 0.8 0.6 a\.v‘v‘gh"“ ' 0.8
strategy kvA‘ﬂﬂ"VAﬂ"‘A‘A
Hands-on example 0.5 PAVEAAVAVAVAY/ - VAVAVAVANAS
RSN
04 o3l Nﬂ‘ ﬁﬂgg“‘é‘A 0.4
'mvﬂﬂknur(§'¢‘
SN AT
Y ROOCOESCRE
VAN AN AVAN AN AVATA
o \VAVAVAVAVAYAY
0 0.2 0.4 0.6 08 1

JPL ESSM
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Meshgeneraton — \jagh refinement

Usage
Example
1 md=bamg (model, ain', 'Square.exp', 'hmax',.005);
2 vel=shock (md.mesh.x,md.mesh.y);
Usage 3 md=bamg(md, 'field',vel, 'err',0.05, 'hmin',0.005, 'hmax',0.3);
Example 4  vel=shock (md.mesh.x,md.mesh.y);
5 plotmodel (md, 'data’,vel, 'ed
Usage
Example
12 12
Uniform mesh
Non-uniform mesh
1 1
Mesh adaptation
Mesh refinement
strategy 0.8 0.8
Hands-on example
0.6 0.6
0.4 0.4
0.2 0.2

JPL 3
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Mesh generation

Usage

Example

Usage
Example

Usage
Example

Uniform mesh

Non-uniform mesh

Mesh adaptation
Mesh refinement
strategy
Hands-on example

JPL

Mesh refinement
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ain', 'Square.exp', 'hmax',.005);

md=bamg (model,
vel=shock (md.mesh.x, md.mesh.y) ;

md=bamg (md, 'field',vel, 'err',0.03, 'hmin',0.005, 'hmax',0.3);
vel=shock (md.mesh.x, md.mesh.y) ;
plotmodel (md, 'data’, vel, 'ed
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Meshgeneraton — \jagh refinement

Usage
Example
1 md=bamg (model, 'domain', 'Square.exp', 'hmax', .005);
2 vel=shock (md.mesh.x,md.mesh.y);
Usage 3 md=bamg(md, 'field',vel, 'err',0.03, 'hmin',0.005, 'hmax',0.3, 'gra
Example 4  vel=shock (md.mesh.x,md.mesh.y);
5 plotmodel (md, 'data’,vel, " color','w');
Usage
Example
12 12
Uniform mesh
Non-uniform mesh
1 1
Mesh adaptation
Mesh refinement
strategy 0.8 0.8
Hands-on example
0.6 0.6
0.4 0.4
0.2 0.2

JPL 3
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Meshgeneraton — \jagh refinement

Usage
Example
1 md=bamg (model, 'domain', 'Square.exp', 'hmax', .005);
2 vel=shock (md.mesh.x,md.mesh.y);
Usage 3 md=bamg(md, 'field',vel, 'err',0.03, 'hmin',0.005, 'hmax',0.3, ‘anisomax',1);
Example 4  vel=shock (md.mesh.x,md.mesh.y);
5 plotmodel (md, 'data’,vel, " color','w');
Usage
Example
12 12
Uniform mesh
Non-uniform mesh
1 1
Mesh adaptation
Mesh refinement
strategy 0.8 0.8
Hands-on example
0.6 0.6
0.4 0.4
0.2 0.2

JPL 3
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Mesh generation

Mesh refinement

® 6 C MENU
R exptool menu
Example
dd a profi
1 plotmodel (md, 'data’,vel, 'edgecolor’, 'w'); addlafprofisl(open)
2 exptool('refinem exp') =SS T
Usage N [ add a contour (closed) ]
Example
remove a profiie
U modify the position of a point
Exa le -
e 12 add points inside a profile
Uniform mesh 1 add points at the end of a profile
Mesh adaptation
Mesh refinement 0.8
strategy - :
cut a segmen
Hands-on example 9
o
merge profiles
é’ 04 close profile
S
WO 5
VA"‘» v change orientation
)
AN 0.2
B '
s
ey
quit

&

JPL
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Meshgeneraton — \jagh refinement

1 md=bamg (model, 'domain', 'Square.exp', 'hmax', .005);
2
Usage 3 h = NaNsones(md.mesh.numberofvertices,1);
EemEe 4  in = ContourToNodes (md.mesh.x,md.mesh.y, 'refinement.exp',1);
5 h(find(in))=0.02;
6 plotmodel (md, 'data’,in);
Usage 7
Example 8 vel=shock (md.mesh.x,md.mesh.y);
Usage
Example ‘ 1 md=bamg (md, 'field',vel, 'err',0.03, 'hmin',0.005, 'hmax', 0.3, 'hVertices',h); ‘

Uniform mesh ‘

Non-uniform mesh

Mesh adaptation .
Mesh refinement .
strategy
Hands-on example )

0.8
0.6
0.4
0.2

@
7]

JPL
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Mesh generation Example 2

Similar example with circles.m

f(x,y) =tanh (30 (u2 +v2—¢
T tanh (30 ((u— 0.75)2 + (v — 0.75)2 — ¢)) +tanh (30 ((u — 0.75)2 + (v — 0.75)2 + s))
+tanh (80 ((u— 0.75)2 — (v — 0.75)2 + &) ) +tanh (30 ((u — 0.75)2 — (v — 0.75)2 — s))

with =025 and u=4x—-2, v=4y -2

5 5
o m mesh 4.8 4.8
Mesh adaptation - 4.6 46
Mesh refinement 4.4 4.4
strategy
Hands-on example . 4.2 42
4 4
N
} 38 s%% 38
\
36 i}i‘ 36
v
} 3.4 7) 34
3.2 3.2

0 0.2 0.4 0.6 0.8 1

JPL iSSM
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